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DETAILED DESCRIPTION 

1 . Subject of Invention 
Single mode optical fiber 

2. Scope of the Patent Claim 

1 . A single mode optical fiber composed as follows: It possesses a clad doped with 
fluorine at the vicinity of the core and furthermore, to the outside of this (clad), it 
possesses a clad doped with boron or fluorine plus boron. 

2. In the single mode optical fiber described in Item 1, Scope of the Patent Claim, the 
ratio of the outside diameter of the clad doped with fluorine/core diameter is set to 
be from 3/1 to 6/L 

3. In the single mode optical fiber described in Item 1 or Item 2, Scope of the Patent 
Claim, the ratio of the outside diameter of the clad doped with boron or fluorine 
plus boron/core diameter is set to be more than 8/1 . 

4. Detailed Explanation of the Invention 

[Industrial Application Field] 

The present invention is related to a single mode optical fiber. In further details, it 
is related to a single mode optical fiber which is small in optical transmission loss at 
long wavelength, especially at wavelength 1 .55 |im band. 

[Conventional Technology] 
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A quartz glass system optical fiber is constructed by a core made of a quartz glass 
and a clad (formed to the outer circumference of the core) made of a quartz glass which 
possesses a refractive index lower than that of the core. 

For lowering the refractive index of the clad, hitherto, fluorine or boron is doped 
into the clad. 

[The Problematic Point to be Solved by the Invention] 

However, for the aforementioned conventional optical fiber, there is a defect that 
for example, when an outside pressure is applied, by the core and the clad, the optical 
transmission loss would increase. For eliminating this defect, it is necessary to make 
the ratio of the outside diameter of the clad/core diameter to more than 8/1 . However, it 
is extremely difficult to manufacture the optical fiber possessing this kind of structure. 

Accordingly, in view of the aforementioned problematic point, the present 
inventors carried out extensive penetrating research on this problem. As a result, we 
discovered a single mode optical fiber which can solve this problem — ^this led to the 
completion the present invention. 

[The Means for Solving the Problematic Point] 

The present invention is related to a single mode optical fiber composed as 
follows: it possesses a clad doped with fluorine at the vicinity of the core and 
fiirthermore, to the outside of this (clad), it possesses a clad doped with boron or 
fluorine plus boron. ^ 

[Function and Implementation Examples] 
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In the single mode optical fiber of the present invention, to the vicinity of the core, 
a clad doped with fluorine only (to be called as No. 1 clad, below) is provided. 
Furthermore, to the outside (of tills clad), a clad doped with boron or fluorine plus 
boron (to be called as No. 2 clad, below) is provided so that the ratio of the outside 
diameter of the No. 2 clad/core diameter would become more than 8/1 . By this, the 
optical transmission loss at long wavelength, especially at wavelength 1.55 jun would 
become smaller. Therefore, for the single mode optical fiber of the present invention, a 
light source of longer wavelength, especially the wavelength at 1 .55 |4in can be 
employed; thus it can be suitably used for a long distance optical communication 
system. 

For the core to be used in the present invention, the normally used pure quartz 
glasses in that the content of the impurities such as Cu, Fe, Co, Cr, etc. are held to be 
for example, below 10 ppm (not clearly copied; ppm is the best guess) so that the 
impurities would not make the optical transmission loss too large. 

The No. 1 clad of the present invention is as follows: it contains about 0.2 — 3 
weight % of fluorme as refractive index lowering dopant (against quartz glass) into the 
quartz glass; and materials other than fluorine are either entirely absent or if they are 
contained, they have to be at the level which would not adversely affect the 
transmission loss at long wavelength. When other materials otiier than fluorine, for 
example, if more than 1 weight % of boron is contained in the quartz glass, the light at 
wavelength 1.55 ^im would be absorbed — ^this is not desirable. 
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-The No. 2 clad of the present invention is as follows: it contains 3—5 weight % of 
boron or fluorine plus boron, 0.2—2 weight % of fluorine plus 0.5—5 weight % of 
boron in the quartz glass. This kind of doping with either boron or fluorine plus boron 
would not develop the etching function of the quartz glass which would occur in the 
case when fluorine alone is doped.; thus the refractive index control is easier. In 
addition, the cost is lower than that of dopmg fluorine — ^this is desirable. It is 
preferable that the doping amounts are within the ranges described above so that the 
refractive index difference would become optimal as a single mode fiber. 

And, for shielding or preventing the light leaked from the core into the No. 1 clad 
from releasing to the outside of the optical fiber, it is preferable that the refractive index 
of the No. 1 clad is set to be about the same level of the refractive index of the No. 2 
clad or lower. 

When the aforementioned ratio of No.l clad outside diameter/core diameter is less 
than 3/1, the light to permeate from the No. 1 clad to the No. 2 clad would become too 
large; thus by the boron contained in the No. 2 clad, a loss in the light power would be 
seen . And when it exceeds 6/1, the manufacturing of the optical fiber possessing such 
structure would become difficult. Accordingly, the ratio of the No. 1 clad outside 
diameter/the core diameter is preferably set in the range from 3/1 to 6/1 . 

And, When the aforementioned ratio of the No.2 clad outside diameter/the core 
diameter is smaller than 8/1, optical (light) loss by micro-bending would occur; thus it 
is preferable that it is more than 8/1 . 
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-The optical fiber of the present invention possessing the above described structure 
can be prepared by the inside attachment (deposition) method, outside attachment 
(deposition) method or the VAD method based on the publicly known vapor phase 
reactions. 

For example, in the case of applying the inside attachment (deposition) method, 
into a quartz glass pipe (support), the glass raw material gases and the dopant source 
gas(es) and oxygen are delivered; while the outer surface of the quartz glass pipe is 
being heated, the previously described No. 2 clad is formed onto the inside of the quartz 
glass pipe by the vapor phase reactions; after this, the No. 1 clad is formed similarly. 
Then, a pure quartz glass rod to become the core is inserted and the assembly is 
collapsed to prepare an optical fiber preform. Or the glass raw material and oxygen are 
delivered inside the pipe (already) formed with the aforementioned No. 2 and No. 1 
clad layers to form a pure quartz glass layer to become the core; then the center hollow 
space is collapsed to prepare an optical fiber preform. And in the case of applying the 
outside attachment (deposition) method, to the outer circumference surface of a pure 
quartz glass rod, the No. 1 and the No. 2 clad layers are formed by the flame hydrolysis 
method. 

For the glass raw materials to be used in the present invention, the following can 
be employed: SiHaCl, SiH2Cl2, SiHCla, SiCU, SiHsBr, SiH2Br2, SiHBra, SiBr4, 
SiH3(OCH3), SiH2(OCH3)2, SiH(OCH3)3, Si(OCH3)4, etc. silane compounds or 
vaporizable silane derivatives. 
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For the dopant source gases to be used in forming the clad layers, the following 
can be employed: In the case of doping fluoride, CCI3F, CI2F2 (Translator's note: 
misprint of CCI2F2 ?), CCIF3, CF4, etc. Freons and CIF, CIF3, BrF, BrF4, etc. Freon 
cross-compounds; and in the case of doping boron, BH3, BH2CI, BHCI2, BCI3, BH2Br, 
BHBr2, BBr3, BH2I, BHI (Translator's note: misprint of BHI2 ?), BI3, etc. borane or 
vaporizable borane derivatives. And, in the present invention, for the dopant source 
gases to be used for providing the No. 2 clad layer, the aforementioned fluoride gases 
and boron compound gases can be simultaneously employed. However, for fluorine 
and boron to be simultaneously, efficiently doped into the quartz glass, for the dopant 
source gas, it is preferable to use BF3. 

And, into the dopant source gas, nitrogen, argon, helium, etc. other gases can 
mixed. 

Next, the present invention is illustrated based on implementation examples. 
However, the present invention is not limited to those implementation examples alone. 

Implementation Example 1 — 2 and Comparison Example 1 — 2 

While a quartz glass pipe (inside diameter 17 mm) whose surfaces had been 
cleaned was being rotated, the pipe was heated to about 1600°C (best guess; 6 is not 
clearly copied); meanwhile, into the quartz glass pipe, the No. 2 clad forming gases as 
shown in Table 1 were passed and simultaneously, the burner was moved back and forth 
(traversed) to form the specified thickness of the No. 2 clad. After this, the No. 1 clad 
forming gases as shown in Table 1 were passed to form the specified thickness of the No. 
Iclad. 
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Next, a surface cleaned pure quartz rod (1 mm in diameter) was inserted into the 
pipe attached (deposited) with the No. 1 clad and the No. 2 clad. The pipe was heated to 
2000°C to achieve collapsing to manufacture a single mode optical fiber (preform) 
possessing the support, the clad and the core. 

For the physical property of the obtained single mode optical fibers, the optical 
transmission spectra were obtained by the cutback method. The results are shown in 
Table 2. 



Implementation 
Example 

No. 1 
No, 2 

Implementation 
Example 

No. 1 
No. 2 

Comparison 
Example 

No. 1 
No. 2 

Comparison 
Example 

No. 1 
No. 2 



Table 1 

Flow rate (cc/min) of No. 1 clad forming gases, deposition number 
and the thickness of the No. 1 clad 

SiCl4 O2 SiF4 Deposition No. Thickness (mm) 
200 600 100 50 1 

200 600 100 50 1 

Flow rate (cc/min) of No. 2 clad forming gases, deposition number 
and the thickness of the No. 2 clad 

SiCU O2 BF3 BCI3 Deposition No. Thickness (mm) 
200 600 60 - 50 2 
200 600 - 40 50 2 
Flow rate (cc/min) of No. 1 clad forming gases, deposition number 
and the thickness of the No. 1 clad 

SiCU O2 SiF4 Deposition No. Thickness (mm) 
200 600 100 20 0.4 

200 600 100 50 1 

Flow rate (cc/min) of No. 2 clad forming gases, deposition number 

and the thickness of the No. 2 clad 

SiCl4 O2 BF3 BCI3 Deposition No. Thickness (mm) 
200 600 30 - 65 2.6 
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Table 2 

Implementation No. 1 Clad OD/Core No. 2 Clad OD/Core Optical Transmission 
Example Diameter Ratio Diameter Ratio Loss (dB/Km) 

(Wavelength 1.55 um) 
No. 1 6 11 0.25 

No. 2 6 11 0.27 

Comparison 
Example 

No. 1 2 11 6.5 

No. 2 6 - 1.5 

[Effect of the Invention] 

According to the single mode optical fiber of the present invention, to the outside 
of the clad which is doped with fluorine alone and placed at the vicinity of the core, a 
clad doped with boron or fluorine plus boron is provided. Because of this, a superior 
effect is achieved, for example, even if an outside pressure is applied to the optical 
fiber, the light loss from the core and clad would not occur. 

Patent Applicant: Dainichi-Nippon-Densen (Cable) K K 
Agent, Attorney: S. Asahi . and one other person 
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